collected from the same nurseries, but from sites not associated with previous planting of either affee
To deters the used of apple or pear, contained low or undetectable levels of infectious actinomycetes. Seedling growth a single site. To determine the extent of was not inhibited in four of these soils compared with growth in steamed samples of each soil.
association between actinomycetes and Inhibition of seedling growth in the other two soils appeared to be related to nutrient deficiencies.
ARD, we sampled soils from several fruit Concentrations of nitrogen, boron, and several other nutrients were significantly higher in shoots tree nurseries and orchards in New York. of seedlings grown in steamed vs. unsteamed samples from these two soils. Therefore, all six Actinomycetes infected roots of apple nonapple soils were judged not conducive to apple replant disease. Our evidence supports an seedlings planted in 18 of 23 apple association between infectious actinomycetes and the apple replant disease as proposed by several orchard soils sampled, but actinomycetes others. Actinomycetes may be important in the etiology of the apple replant disease.
were not commonly found in 10 other soils not associated with apple or pear plantings (S. W. Westcott, unpublished). Apple replant disease (ARD) is soils after fungicide treatment allowed Because symptoms of the ARD are not characterized by delayed establishment these fungi to appear as if unaffected by distinct from those caused by nematodes of apple transplants at sites previously the fungicides. and some nutrient deficiencies, both of planted to apple. Its etiology is only Hoestra (2) suggested that bacteria or these factors were monitored in subsepartially understood. Most early work on actinomycetes were involved in the quent analyses of soils from six nursery the disease was reviewed by Hoestra (2) etiology of ARD in the Netherlands sites. Frequent replanting of apple trees in the Netherlands and Savory (15) in based on the failure of nematicides and in nurseries provided evidence for England. Both authors agreed that fungicides to control ARD or inhibit identification ofsites conducive to ARD. Pratylenchus spp. were involved in some, procaryotes. He also observed lower Soils conducive to ARD as well as nearby but not all, ARD situations. In those incidence of ARD in acidic soils, a soils that had no recent history of apple instances where nematodes were not relationship that has been noted for planting were included to provide both involved, the causes were not verified; diseases caused by Streptomyces scabies positive and negative associations. however, two hypotheses concerning the (Thaxt.) Waksman & Henrici (1). In the etiology of ARD have been presented Netherlands, Mulder (11) reported that MATERIALS AND METHODS with substantial evidence. One suggests ARD could be controlled with streptoSamples of soils were collected from that species of Pythium cause most of the mycin, which inhibits some actinomycetes five commercial nurseries in four root damage associated with ARD (19) . Otto and Winkler (12) provided counties in western New York State (10,16). Another hypothesis assumes that direct evidence for the involvement of (Table 1) . Soil was collected from the actinomycetes, found invading apple actinomycetes in ARD. They stained root zones of apple or pear trees and from roots, are responsible for ARD (12, 13 roots of apple seedlings grown in soil shoots dried at 90 C for 3 days and then conducive to ARD and concluded that at weighed. Roots were cleared in 10%
The publication costs ofthis articleweredefrayed inlpart least one actinomycete was pathogenic (w/v) potassium hydroxide and stained by page charge payment. This article must therefore be based on histological studies (20, 21) . In with trypan blue in lactic acid/glycerol/ hereby marked "advertisement" in accordance with 18 U.S.C. § 1734 solely to indicate this fact.
addition, the degree of infection of roots water (100:7:7, v/ v) (8). Actinomycete by an actinomycete that resided in the hyphae appeared dark blue and could determined subjectively and reported as for content of P, K, Ca, and Mg and for (325-mesh), and nematodes were transnone, low (scattered spots), or high pH by the Department of Agronomy, ferred to small dishes for counting after (many spots and areas of contiguous Cornell University. Elements were each passage. Because few other plantspots on the taproot) based on the extracted from soil with sodium acetate parasitic nematodes were recovered, only number and extent of roots observed that buffer (pH 4.8), and their concentrations populations of Pratylenchus spp. inroots were colonized by actinomycetes.
were determined with standard coloriare reported. Dried shoots were separated into three metric or atomic absorption techniques. subsamples of six shoots each for Water extracts were used for pH analysis of 20 elements (N, K, P, Ca, Mg, determinations. Means of shoot and root RESULTS Mn, Fe, Cu, B, Zn, Mo, Al, Na, Co, Cd, weights and nutrient levels for each test Steam treatment of nine soils collected Cr, Ni, Pb, Se, and As) by the Pomology were compared with a protected least from apple nurseries resulted in enhanced Department, Cornell University. Nitrogen significant difference (LSD) test (18). growth of the apple seedlings planted in concentration was determined by microRoots from three replicates of six roots them. These responses were associated Kjeldahl methods, and the concentrations for each treatment were rinsed in water, with reductions in the number of of all other elements were measured with weighed, and then shaken in flasks with actinomycete-infected roots, lower an inductively coupled argon plasma water for 3 days to extract nematodes (9). densities of Pratylenchus spp. (Table 2) , atomic emission spectrometer. Bulked Suspensions were passed three times or increased levels of nutrients in the soil samples from each site were analyzed through screens with 1,940-/im 2 openings shoots (Table 3 ). In one instance (soil "Da"), steaming resulted in poorer growth of the apple seedlings. Roots were (Table 3) aSgiiatdifferences between unsteamed and steamed treatments were determined using a and the changes in the same nutrients protected LSD. Levels of probability are indicated as * = P =0.05 and ** = P =0.01.exrcdfomsisorte ae bStained roots were rated for infection as follows: none, low (scattered spots), and high (many etreatmetsd (Tabl 4)snonlyo two ofa14 spots and areas of contiguous spots). ramns(al ) nol w f1 SMean and standard deviation of nematode densities in roots.
instances, the concentrations of K, Mg, d All soil sampled collected from sites Ba and Bb were air-dried before planting; no extraction of and Ca changed in the same direction for nematodes was attempted. levels of nutrients extracted from the soil and from shoots. Therefore, nutrient
Although plant growth in two of these in all but one soil (Eb) tested in our study levels detected in soil were not useful for soils was improved by steaming, the had population densities of Pratylenchus predicting the effects of steaming on the effects were associated with control of spp. well below this damage threshold availability of these nutrients to plants.
low densities of nematodes and enhanced (Table 2 ). This does not mean that the Steaming soils affected the concentrauptake of some nutrients. This evidence lower populations detected in roots did tion of some nutrients detected in shoots supports our hypothesis that one or more not inhibit plant growth to some degree. and was associated with enhanced actinomycetes play a role in the etiology Interactions between the nematodes and growth of seedlings compared with of ARD. actinomycetes cannot be determined unsteamed treatments of four soils (Ca, For the three soils previously planted from these experiments but could be Cc, Fa, and Fb) ( Table 3) . Nitrogen and to apple that did not produce typical involved in some cases of ARD. boron increased most frequently in symptoms of ARD, the pH was between Determination of the exact effects of association with a measured growth 4.8 and 5.3. Hoestra (2) found that ARD nutrient availability on seedling growth response. Changes in the concentrations was rarely severe in soils with a pH below within these experiments would require a of P, Mg, Mn, and Cu also were about 5.5. In'another experiment (2), the separate study. We considered only those associated with growth responses.
effects of ARD were substantially nutrients that were found to be in diminished by acidifying a soil conducive significantly higher concentration in DISCUSSION to ARD with hydrochloric acid. Perhaps, shoots from plants grown in steamed We have found actinomycetes infecting a similar situation applies to ARD in soils than those grown in unsteamed soils roots of apple seedlings grown in five of New York. (Table 3) . From published (17) and eight nursery soils previously planted to Nematodes, especially Pratylenchus unpublished sources, we estimated apple or pear. Seedlings grown in those penetrans, can inhibit growth of young critical concentrations of these nutrients five soils had symptoms typical of ARD.
apple seedlings more severely than older below which effects on seedling growth Some of these soils had been identified by seedlings (7). Therefore, damaging levels might be detected. From this analysis, growers as "problem soils" (Table 1) .
for our experiments must be determined there was evidence for release of Steam treatment of the five soils from studies involving seedlings of additional nutrients after steaming that improved seedling growth and eliminated similar age. Jaffee (4) found that P. could have affected the growth of infection of roots by actinomycetes.
penetrans population densities of 150 seedlings in five soils (Bb, Ca, Cc, Fa, and Little or no actinomycete infection wcs nematodes per gram of root were Fb). Nitrogen and boron were identified detected on roots grown in soils not associated with detectable stunting of 5-as candidates in most of these soils. previously planted to apple or pear.
wk-old seedlings. Apple seedlings grown Phosphorus, magnesium, and copper bN, K, P, Ca, and Mg expressed in g/ 100 g; all others expressed in gg/g. Significant differences between unsteamed and steamed soil samples were determined using a protected LSD. Levels of probability are indicated as * = P= 0.05 and ** = P= 0.01. 
